As one of the fast-growing tree species, hybrid poplar (Populus ssp.) has been widely planted in Shandong Province, China. While poplar tree breeding program in the past few decades focused on the development of poplar clones with fast growth rate and disease resistance, little attention was paid to the tree traits of these clones in relation to industrial uses i.e. pulpwood as well as veneer. In this paper, growth performance of hybrid poplar clones from backcrossedprogenies obtained from cross fertilization within the Poplar Aigeiros Section was evaluated and stem traits as well as wood properties in relation to industrial use of some selected clones were assessed. Of the 40 hybrid poplar clones tested in the study, A50 and B69 were prominent in growth rate at three trial sites in Shandong Province, China.Wood properties in relation to industrial uses of the two clones were also better than or comparable to the control clone. It was concluded that A50 is more suitable for pulpwood production while B69 is suitable for a wide range of high value added application such as veneer and plywood. Further research is needed to evaluate the changes of some tree traits in relation to industrial raw materials through time.
Introduction
Poplars (Populus ssp.) have been planted in China since very early times (HEILMAN, 1999) and have been the primary timber producer in regions lacking of natural forests like Shandong Province in China. The area of land planted to poplar in China reached more than 7 million hectares in 2007 due to the increasing demand for wood and the release of fast-growing and diseaseresistant hybrid poplars from breeding programs supported by both international and national organizations. Although still a minor supplier of timber in the world, poplar plantations made great contributions totimber supply in China. More attention has been paid to poplar plantation since the implementation of Natural Forests Protection Program in China in 1998 to seek alternative sources of raw materials as the natural forests are protected and managed for environmental services such as recreation, conservation, watershed protection, and carbon sequestration rather than for wood products. As a fast-growing tree species, poplar enhances the possibility to cover increasing wood demands (LIEVEN et al., 2007) . However, the shift of end use of poplar wood from rafters, posts and beams in construction (FAO, 1980) to industrial uses such as plywood and pulpwood in recent days has triggered interests and development of new hybrid poplar varieties (clones) for industrial use. Hybrid poplar wood has proven to have some desirable characteristics for many nonstructural timber and fiber products. Planted area of hybrid poplar for pulpwood and plywood has increased in floodplain area like Shandong Province in Eastern China since 2000s. Benefited from various poplar breeding programs, a large number of hybrid poplars have been introduced to Shandong since the 1980s. These hybrid poplars, primarily intended for nonstructural purpose, have been paid little attention to stem characteristics and wood properties as required by veneers. More attention should be paid to stem traits and branch characteristics if poplar wood is to be used for veneer or sawtimber. For that purpose, poplar clones with cylindrical, straight, non-crooked and high taper stem; small branches and flat branching habits; high density and low shrinkage wood, are preferred (ADRIAN, 2002) . Moreover, pulpwood related properties such as pulp yield, fiber morphology and hand sheet properties etc. should be studied in detail if poplar trees are to be used for that purpose.
The genus Populus is divided into five sections, and three sections, Aigeiros, Leuce, and Tachamahaca, are the most important from the standpoint of poplar cultivation (FAO, 1980) . Aigeiros, represented by two species, European blackpoplar (P. nigra L.) and eastern cottonwood (P. deltoides Bartr.), which together with their large number of hybrids (commonly known as P. ϫ canadensis or P. ϫ euramericana), makes up over 90 % of all cultivated poplars of the world (HEILMAN, 1999) . Poplar clonesof the Aigeiros Section are also important in Shandong Province considering the fact that poplar accounts for more than 80 % planted area in the region.
Many previous studies have proven that significant differences could be found in growth traits among clones of the Aigeiros Section (RAJORAET al., 1994; QIN et al., 2003) . Other studies indicated that some wood properties, such as density and dimensional shrinkage,tend to display clone-to-clone variations (STEENACKERSET et al., 1996; LIEVEN et al., 2007) . This provides a sound basis for the inter-and-intra-specific hybridization among the species and clones within the Aigeiros Section and the selection of clones with desirable tree traits required by veneer and pulpwood from backcrossedprogenies. Province, China to select hybrid poplar clones for veneer and pulpwood from backcrossedprogenies obtained from cross pollination within the Aigeiros Section by considering their growth rates, stem traits, wood physical and pulping properties. We hypothesized that differences exist in tree traits like growth rate, stem traits, wood properties etc. among clones of backcrossedprogenies obtained from hybridization within the Aigeiros Section.
The objectives of this paper are: (1) to identify the variation in growth rates, stem traits, wood and pulping properties among the clones tested; (2) to determine promising hybrid poplar clones for industrial use by considering a number of tree traits including growth rates, stem traits, and other end-use related wood properties such as wood density, dimensional stability, chemical composition, pulping properties etc. as required by veneer or pulpwood in the riparian area in Shandong Province.
Materials and Methods

Mating design and controlled pollination
Controlled cross breeding method was applied by following a test cross design ( Table 1) . Three male poplar clones PE-3-71 (P. deltoides cv. 'PE-3-71'), PE-19-66 (P. deltoides cv. 'PE-19-66') and S307-26 (P. deltoides cv. 'S307-26'), introduced to China from Turkey in later 1980s (QIN et al., 2003) , were used to cross with two female poplar clones I-69 (P. deltoides cv. 'Lux I-69/55') and I-72 (P. ϫ euramericana cv. 'San Martino I-72/58') to produce six full-sibling backcrossed progenies. In winter 1998, floral cuttings (3-5 cm in diameter and 0.5-1.0 m in length) of each parent were placed in pots for rooting by accessing to aerated water at the bottom in a greenhouse at Shandong Forestry Academy. Water in the pot was replaced every 2 days to keep fresh. Air temperature in the greenhouse was kept around 20-25°C and relative air humidity to be 50-70 %. Three to fivesets of female inflorescencesof each cutting were maintained and others were removed to reserve enough nutrients for seed development at later stage while all the male flowers were kept in each cutting to collect as much pollen as needed for pollination. Each cross combination was isolated from other combinations to prevent open pollination. Female flowers were pollinated by hand, using a small brush with pollen of the male parent.
Early selection and seedling test in the nursery
Catkins developed on well-rooted female cuttings after pollination. It took about 25-30 days for capsulesto reach maturation and seedstoshed, depending on female clones. All cross combinations, except for I-72 ϫ PE-19-66 and I-72 ϫ S307-26, produced some seeds, more or less, to conduct further tests. Mature seeds of each cross combination were collected and sown in soil in the greenhouse and then out planted in the nursery. There were altogether 1200 seedlings that survived after one growing season in winter 1999 and height of each seedling was recorded ( Table 2 ). Large variation in growth rate was observed among individual seedlings and such variation, mainly caused by genetics, made possible the selection of superior individuals from the backcrossed progeny population (RIEMENSCHNEIDER et al., 1994) . In total, 123 superior seedlings, 60 from I-72 ϫ PE-3-71, 26 from I-69 ϫ PE-3-71, 22 from I-69 ϫ PE-19-66 and 15 from I-69 ϫ S307-26 with height greater thanthe mean height of seedlings were primarily selected and clonally propagated in the following two years (2000 and 2001) to conduct seedling test ( Table 2) .
In early April, 2002, 1-year-old shoots of the 123 selected clones from 4 cross combinations, were cut into 12 -18 cmlong cuttings and planted by hand at 80 ϫ 30 cm spacing following a randomized complete block design with 20 cuttings per block and 3 replicates to conduct seedling test at Meng-li Nursery, Chang-qing District. There were altogether 7440 cuttings (including one control clone I-107 as check) planted, and the trial was surrounded with 2 rows of I-107 cuttings.Normal tending measures were taken to raise the seedlings, i.e. timely weeding to eliminate the competition of weeds for soil water and nutrition, andproper irrigation to maintain soil moisture. Height and collar diameter of each tree were recorded after one growing season. As variation in collar diameter was less than that in height, height was the prime variable based on which the superior seedlings were selected. Thirtysixclones with height growth statistically higher than or equal to control clone I-107were selected for multi-clonal comparative test in the field ( Table 2) .
Multi-clonal comparative test in the field
Study area
Located in the north hemisphere temperate zone, Shandong has a warm, temperate climate, with an annual average of 750 mm of rainfall and a mean temperature of 13°C. Most rainfall occurs from June to August, which synchronizes with the growth peak of poplar.Three trial sites in Shandong, Gao-qiao (Lat. 35°45'47''N; Lon. 116°48'00''E; Alt. 59 m) at Ning-yang County,Meng-li (Lat. 36°33'40''N; Lon. 116°44'42''E; Alt. 45 m) at Chang-qing District, and Zhao-wang (Lat. 36°50'33''N; Lon. 120°42'49''E; Alt. 71 m) at Lai-yang City, with light loam or loam soil type, representative of poplar planted area, were selected for the multi-clonal comparative test in the field (Fig. 1) . Trialsincluded 36 clones, 26 in common to three sites, from four cross combinations, together with I-107, L35, 2025 and I-69, all widely employed in establishing poplar plantation in the region and included in the trial as checks. All the trials at three sites were following a randomized complete block design, despite some differences in tree numbers and area planted ( Table 3) . The plantations were established using 1-year-old seedlings with roughly the same collar-diameter. Each trial plantation was bordered by two rows of control clone I-107 to eliminate border effect. Some differences e.g. soil condition, planting spacing, and tree numbers planted among the three trials, could possibly influence the results. However, such differences do not preclude the comparative analysis among clones tested within a givensite (O'NEIL et al., 2010) .
Traitsmeasurement and statistical analysis DBH (diameter at breast height of 1.3 m) and HT (height) of each tree were recorded yearly beginning in the fall-winter of 2003 until 2010. Considering the fact that branch accounts for small proportion of tree volume, stem volume (VOL) outside bark without branches, rather than tree volume, was used to analyze the comparative growth rate of clones tested, and it was calculated using equation 1 as follows:
Where VOL = stem volume outside bark without branches in dm 3 .tree -1 ; π = 3.14; DBH = diameter at breast height in cm; HT = height in m; assuming all the trees in the trial had same form factors at breast height (f 1.3 = 0.4). Mean values of DBH, HT and VOL in each block were used in statistical analysis. In 2010 at Gao-qiao site, trees of selected clones were visually examined and valued for stem traits and branching characteristics based on the description for scoring different tree traits by ADRIAN (2002) with onsite observation. Briefly, the scoring is described as follows: Roundness of the stem: 0 = cylindrical, 1 = nearly cylindrical, 2 = ellipsoidal; Crookedness: 0 = straight stem, 1 = with one crook, 2 = with two crooks; Taper: HT/DBH; Forking: 0 = no forks, 1 = single fork, 2 = multiple forks; Branch diameter at the joint to the bole: 0 = < 2 cm, 1 = 2-4 cm, 2 = > 4 cm (trait measured for five largest branches from the main branch layer); Branch angle: trait measured for five randomly selected branches in each tree.
Three trees, with mean DBH of each preliminarily selected clone at Gao-qiao site, together with check clones, I-107 and 2025, were cut in 2008 at the age of 6 for end-use related wood property determination. Trees were sawn into stem discs, logs and beams, depending on the different tests to be performed, according to the scheme shown in Fig. 2 .
For evaluating specific gravity and the shrinkage upon drying of the wood, stem discs of 10 cm thick were taken at 1.3 m and 4.0 m (Fig. 2) . Specimen for accessing specific gravity, radial shrinkage, tangential shrinkage, volumetric shrinkage were prepared according to national standards for testing wood properties (GB/T1927-1943 . Values were volume weighted average.
Of each stem, two logs of 1.3 m (from 0 to 1.3 m) and 2.6 m (from 1.4 to 4.0 m) respectively, were peeled using industrial equipment to evaluate veneer quality (loss by clipping i.e. holes and cracks and sheet shrinkage) and then subsequently plywood properties (glue bond strength). The thickness of the veneer was 1.7 mm. Clipping losses were related to the edge trimming and defect elimination. As poplar veneer was mostly used for interior application in making plywood, darkening of veneer caused by heartwood coloration was not considered in this study. 3-layer-plywood was produced out of the veneers peeled using a urea-formaldehyde glue. These boards were tested for glue bond strength according to national standards (GB/T 14074.10-1993).
Of each stem, samples for measuring fiber morphology and for testing wood chemical composition and pulp properties were taken from 4.1 to 10.1 m (Fig. 2) . For the pulping tests, APMP process was applied under the conditions as follows: 6.3 % NaOH (sodium hydroxide), 6.0 % H 2 O 2 (hydrogen peroxide), 168°C, and 120 minutes. Stems were chipped and refined using an atmospheric 30 cm-diameter refiner. Tappi standard test methods were applied for hand sheet tests.
Statistical analysis was carried out using the ANOVA procedures in SAS (SAS INSTITUTE, 1999) . Least significant differences were determined at the 0.05 level.
Results and Discussion
Growth rate at three trial sites
Considering the differences in planting spacing and soil conditions etc. among the three sites, it is meaningless to statistically compare the growth rate among the sites. Results of clones tested within each given site, however, showed that some clones, common to three sites, had significantly faster growing rates than others, while some clones appeared to be poorly suited to the three sites across the Province. Some clones, performed well in one or two site (s) but poor in other site (s). Since the three sites are representative of poplarplanted area in the region, it is possible to identify some clones that performed well and could be used in the poplar plantation establishment.
While the rank of the clones in growth rate might change through the life of the trial, previous studies showed that there were large age-age correlation for DBH, HT and VOLof poplar (FOSTER, 1988; ADRIAN, 2002) . This makes early selection of poplar clones possible. Since the calculation of VOLis based on variables of both DBH and HT, we will consider VOL, rather than DBH and HT, as the prime variable of interest and use it for comparison analysis. At Gao-qiao site, significant differences in VOL could be found among the clones tests ( At Meng-li site, significant differences in VOL existed among the clones tests (Table 5) . A50, B69, C103 and D120 were significantly higher in VOL growth than control clone I-107. A50, with a VOL of 236.4 dm 3 .tree -1 (26.7 % higher than control clone I-107),was the leader in the group. Next to A50, clones of B69, C103, and D120 were 25.0 %, 16.5 %, 14.5 % higher in VOL growth than control clone I-107. Not significantly different At Zhao-wang site, significant differences in VOL could be observed among the clones tests ( Table 5 ). B69 and A50 were statistically higher in VOL growth than control clone I-107. B69, with a VOL of 205.0 dm3.tree-1, 12.6% higher than control clone I-107, was the leader in the group. Next to B69 was A50, with a VOL of 199. Based on the above analysis, it is reasonable to say that several of the tested clones, common to three sites, are adapted to the region. Among the clones tested at three sites, A50 and B69, all had a VOL growth significantly above control clone I-107.C108, C90, B85, A12 and C103 were comparable in VOL growth to control clone I-107 at two or three sites. On the contrary, several clones performed poor and were much lower in VOL than the average, e.g. D113 at three sites, D115, A9, C96 and A43 at Meng-li and Zhao-wang sites, A35 at Gaoqiao and Meng-li sites, C102 at Gao-qiao and Zhao-wang sites. Several clones, however, performed differently at three sites, for instance, clone D117 ranked 3 rd at Gaoqiao site in VOL growth, but 12 th at Meng-li site and 29 th at Zhao-wang site, while B63 ranked 4 th at Gao-qiao site, 5 th at Meng-li site but 16 th at Zhao-wang site and D120 ranked 4 th at Meng-li site but 17 th at Gao-qiao site and 18 th at Zhao-wang site. It is beyond the scope of this study to identify the climatic and/or soil conditions that might cause this different response from the clones, and unless further test of these clones to local conditions, they are not recommended for large scale deployment in establishing poplar plantations for raw materials.
Stem traits
Average values of selected clones for stem traits and branching characteristics, together with control clones, were presented in Table 6 . Desirable attributes of stem form were found in B69. With nearly cylindrical, no or minor crookedness and forking stem and high taper value, B69 showed a promising potential for making veneer. Although inferior to B69, A50 was better in stem form thanI-107 and 2025. A50 and B69 had smaller branch size thanI-107 and 2025. Previous study indicated that a tree with acute branch angle and many small branches were desired for poplar ideotypes for short rotation cultures, i.e. pulpwood, while light horizontal branching was desirable for timber production, i.e. sawtimber or veneer (CEULEMANS et al., 1990) . Result showed that B69 is more suitable than other clones to make veneers by considering stem forms and branching habits.
Wood density and dimensional stability
Specific gravity of A50, B69 and 2025 was significantly higher than that of I-107 (Table 7) , implying higher pulp yield of A50, B69 and 2025 than that of I-107. The higher specific gravity of A50, B69 and 2025 might be explained by the higher specific gravity of their parentage. Although some studies showed that the inter-clonal differences in wood density were determined mainly by differences in growth dynamics i.e. inter-individual variations (LIEVENET al., 2007) , many other studies indicated that wood density was genetically controlled. KLASN-JA et al. (2003) reported a coefficient of heritability of 0.94 for wood density in Populus deltoides clones, and ZHANG et al. (2003) reported that clonal effects on poplar wood density were stronger than growth trait effects. This study complied with the results of most previous studies.
Shrinkage (radial, tangential and volumetric) as well as shape factor (T/R, ratio of tangential to radial shrinkage) is important physical property of wood, and a low shrinkage value, indicating a more stable wood property, is desirable. Results showed that differences in both volumetric shrinkage and shape factor (T/R) among clones were significant. B69 was lower in both volumetric shrinkage and shape factor (T/R) than A50, 2025 and I-107, showing the wood of B69 was more stable than other clones tested. However, differences in shape factor were more important than those in absolute volumetric shrinkage (Koubaa et al., 1998) . Based on that shape factor, B69could be the best clone for sawn wood based products while I-107 is the leastsuited for that purpose. The positive correlation between density and volumetric shrinkage in previous research (LIEVEN et al., 2007) was not observed in this study.
Peeling and plywood property
Clone 2025 showed most clipping losses in peeling due to its less cylindrical and more crooked stem, and less taper value (Table 8 ). Clipping losses caused by holes and low taper could be reduced by an adapted tree management such as earlypruning and dense planting. However, clipping losses due to the crack after peeling could not be solved by tree management as the cracks were caused by the release of internal growth stresses which variedclonally (LIEVEN, 2007) . There were no significant differences in veneer sheet shrinkage among the clones tested. Only 3 to 5 panels per clone were produced due to the elimination of low quality veneers. Glue bond strength of the 3-layer plywood was presented in Table  8 . For all clones, the board propertieswere well within range to produce plywood for structural application. However, differences among clones could be observed. The average strength values of plywood made of A50, B69 and 2025 were significantly higher than that of I-107, indicating I-107 was less desirable for making ply- Guang-Hua Qin et. al.·Silvae Genetica (2013) Based on the shape factor, dimensional stability, peeling property and plywood strength, it is reasonable to conclude that B69 is better in making veneer and plywood than other clones tested.
Fiber morphology and chemical composition of clones selected
Fiber morphology is closely related with the pulping property and longer fiber and higher aspect ratio (more than 30) result in good pulp strength properties. ZOBEL et al. (1995) reported that for fiber length, a genetic control had been demonstrated. Other research has shown that selection of a fast growing hybrid does not affect the fiber length and growth rate of short-rotation poplar can be increased without concern that fiber length may be negatively affected (DEBELL et al., 1998) . Consistent with previous studies, test results showed that fiber length was not decreased with the fast growing rate. All the clones tested had fiber lengths with more than 1 mm and aspect ratio more than 43, classifying the four clones tested in medium level pulpwood (fiber length between 0.9 -1.6 mm). It was believed that higher holo- cellulose/cellulose and lower lignin contents could result in higher pulp yield. There were no significant differences in cellulose and holocellulose contents among the clones tested. Except for 2025, other clones i.e. A50, B69 and I-107 had lignin contents less than 18 % ( Table 9 ).
Pulp properties from APMP process
APMP process is demonstrated to be a better process than others in terms of overall pulp property development, process consumption, yield and other process costs. Poplar woods, with their low wood density and high brightness make them particularly suited for alkali treated process such as APMP. Results showed that under the process conditions mentioned in materials and methods, all the clones tested had a pulp yield of more than 82 %; brightness of more than 77.5 % ISO (with A50 more than 79.8 % ISO); breaking length more than 3.00km; tear index more than 3.0 mN.m 2 .g -1 ; and burst index more than 1.60 kPa.m 2 .g -1 (Table 10) . They were comparable to other low density hardwood species, e.g. Populus tremuloides and Eucalyptus urophylla (YANG, 2006 ). Among the clones tested, A50 was superior in pulp yield, brightness, and strength properties (in case of tear index and burst index) than other clones. B69 was inferior in brightness, bulk, and strength properties than other clones. However, it was comparable to other clones in pulp yield.
Based on the results on the fiber morphology, chemical composition and APMP pulp properties, it is reasonable to conclude that all the clones tested can be used for pulpwood. Clone 50, superior in pulp yield, brightness, and strength properties, is more suitable for pulpwood than other clones tested.
Conclusion
Significant variation in growth rate among backcrossedprogenies from controlled pollination within theAigeiros Section can be observed, which makes the selection of fast-growing hybrid poplar clones possible. Among the clones tested, A50 and B69, two hybrid poplar clones from cross combinations of I-72 ϫ PE-3-71 andI-69 ϫ PE-3-71 respectively, had higher growth rates and adaptation thancontrol clone I-107 at the age of 6 years at Meng-li site and Zhao-wang site, and 10 years at Gao-qiao site, showing a promising potential in establishing poplar plantation in the region. It can be concluded that A50 has desirable characteristics supporting its application in pulp industry while B69 is more suitable for veneer and plywood due to its less clipping losses resulted from roundness, straight and higher taper stem, and the less dimensional shrinkage. In 2010, the selected clones A50 and B69 were officially admitted to national poplar cultivar (clone) list and were permitted to extend in regions with climatic and soil conditions similar to Shandong.
Early selection is useful in tree breeding. However, results with a smaller probability of error can only be achieved after a long period of research (REDEI, 2000) . As the conclusion is based only on the early performance of clones tested, further research on clonal variation in growth performance as well as wood properties through time e.g. 10-15 year are needed.
